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ECOLOGICAL FACTORS IN NORTH TEXAS RELATED TO THE 
1935 STEM RUST EPIDEMIC 1 


_ By Ie Me Atkins, Assistant Agronomist, Division of Cereal Crops 
and of Plant Industry, United States Department of 
Agriculture. 


Plant Disease Reporter 
Supplement 9% August 1, 1936. 


Introduction 


Stem rust (Puccinia giaminis tritici. Eriks. and Henn.) is one of the 
most destructive and widespread diseases. attacking the wheat plant. Official 
estimates of losses from stem rust in the United States may be obtained 
.from:various sources and will not be given here. The 19355 epidemic was 
one of the most destructive in history and extended over most of the wheat- 
growing areas of the United States. 


The two wheat rusts, stem rust (Puccinia craminis tritici) and leaf 
rust (Puccinia triticina) are of major economic importance in Texas. 
These diseases limit the production of wheat in Texas to the more north- 
central parts of the State and to regions of lower rainfall in the western 
part, where rust usually is not a factor. The estimated annual loss from 
stem rust in Texas from 1925 to l was 359,000 bushels, while that caused 
by leaf rust was 383, 200 bushels - Stem rust is every year a limiting 
factor in wheat production from central Texas southward. In north-central 
Texas the disease is present nearly every year, but often is not a major 
factor in yield because of the early maturity. of the crop. Because of the 
extensive wheat acreage, however, this area serves as a breeding ground 
for stem rust and increases the inoculum to be carried northward as the 
season progresses. During mild winters stem rust may actually overwinter 
in this area. | 


1/ A report of cooperative investigations between the Division of 
Cereal Crops and Diseases, Bureau of Plant Industry, United States Depart- 
ment of Agriculture, and the Texas Agricultural Experiment Station at 
Texas Substation No. 6, Denton, Texas. 


2/ Thanks are due Mr. P. B. Dunkle, Superintendent of Substation 
No. 6, Denton, Texas, and the Texas Agricultural Experiment Station for 
permission to use unpublished meteorological data as given in this report. 


3/ United States Department of Agriculture, Bureau of Plant In- 
dustry, Division of Mycology and Disease Survey, Plent Disease Revorter 
Supplements 49, 56, 64, 8:, 87, and 89. Reports of losses from diseases 
in the United States for the years 1925 to 1944 inclusive. 
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Rainfall for the month of April was about normal in total amount 
but it all occurred after April 18. Previous to this there was a time 
interval in March end April: when there was insufficient moisture for 
the crop. During that period conditions were not favorable for rust in- 
fection. after rains started in April, both humidity and temperature 
were favorable for rust infection and spread. , 


A total of 11.52 inches of precipitation was recorded during May, 
a record amount for that month. A measurable amount of precipitation 
occurred on 13 days of the month. This unusual amount of moisture pro- 
moted continued growth of the wheat crop for a longer than normal period, 
and thus delayed heading and maturity. Associated with the large amount 
of precipitation of May were extremely high relative humidity and sub- 
normal temperatures. The mean daily humidity did not fall below 66 per- 
cent at any time during the month. The mean, 83.2 percent, for the month 
is 13.5 percent above normal. The conditions, therefore, were favorable 
for rust infection throughout the month. if 


Because of extremely late maturity of the crop, June weather was 
a factor in rust development this season, whereas, normally, it wuld not 
be. Precipitation in June was 5.27 inches compared with the normal of 
2.95 inches. The relative huidity was never below 64 percent and the 
mean relative humidity of 77. percent was 14.4 percent above normal. 


From the above study of humidity and precipitetion during the 
period when the wheat plants were susceptible to rust, it is evident 
that conditions were extremely favorable in 1935 for the development 
of a rust epidemic. The excessive precipitation and high humidity con- 
tributed much to the delay in ripening of the grain and thus furnished 
ample time for the epidemic to develop in northern Texas and provide 
inoculum for the continued spread of the disease in other states. 


Temperature and Humidity at Time of the Morning Reading: Environ- 
mental factors are usually most favorable for rust infection early in the 
morning. Because of this it was considered desirable to study, in addi- 
tion to mean daily temperatures and relative humidity, the temperature 

and humidity at the morning reading. This reading is taken at 7 o'clock. 
In Figure 4 the relative humidity and temperature at the morning reading 
for the period April 1 to June 30 are show. Days on which dew occurred 
are show also. 


Previous to April 18 conditions were not very favorable for germi- 
nation of rust spores. Temperatures were favorable on certain days, but 
often when the temperature was favorable, the humidi ty was fairly low. 
Dews also were less frequent than later in the season. 


, 


Table 


l. Climatological data recorded at Texas Substation No. 6, Denton, Texas, 
for the years 1941 to 1935, inclusive, and averages 1914 to 1945. 


Average 


1933 1934: 1914-1935 


1931 1932 


Mean maximum 
temperature 
Mean minimun 
temperature 
Mean monthly 
temperature 
Mean relative 
humidity 
Total evapora- 
tion-inches 
Total precinita- : 
tion-inches 
Number days with 
-Ol inch or more 
precipitation 
Number of clear 
days 
Number of 
cloudy days 
Number partly- 
cloudy days 
Number days dew 
Mean monthly daily 
wind movement 
Number days wind 
from south (in- 
clude SE and SW) 
Date on which 
first stem rust 
was observed. 
Percentage of 
rust in 18 wheat 
varieties 
Average-% 
Range -% 


Apr.: May: June:Apr.: May:June:Apr.: May:June: Apr. :May :June:Apr.: May Apr: May : June 
:78-7 :81-9:90 8:79-4:84. 77:0: :76. 0:81. 0:91. 8 
«4:55 4260.0: 71-9351 -6: 59-0766. 4:51. 8: :59-9:68.8 
59-7: 66.8: :81.2: 4:70. 8: :79 68.0: 9263. 9: :70- 8: :80.1 
363. 1:72, 2:66. 1:50+7:72.03 83.2:77-9:67. 1:72.0:6405 
28. 43 24-6826. 21 10+1:4.47: 
:1.71:2. 19: 1.37:1.96: 24657? 74.82: :2. 24: 5-22: «2323.54 
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7-9: 8.4: 6.5 
13-7:14.6:17.8 
6.8: 6.8: 2.7 


6: 9.6: 9.5 
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2. Total daily wind run at Texas Substat ion No. 6, 
Denton, Texas, during April, May, and June, 1945 
with comparisec s with normal. 


: Total : : Total ; : Total :. 
: wind : wind: wind 

run :Direction: run :Direction: run iDirection 


er ef ef 


SE 
NW 
N 
SE 
SE 
NW 
NW 
SE 
SE 
NW 
NW 
NW 
SW 
sw 
NE 
SE 
SE . 
NW 
NW 
SE 
SE 
SE 
NE 
NE 
SE 
SE 
NW 


up 
> «6405 : : 
a: 
257: a hel. 
12.3. : 204 99: 
13 2: : 100: 
248: : 102 136 
16 : = : : 183 > 294: 
18: 161: : : 
20 : : : sei 
21 :. 105: : 161 ; 7 3 
210: ; 24 100: 
33 : : : 206: 
29 : "216 : : 
Mean : 212 | : 192 : 149 
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As previously mentione ., it appears that “he initial general in- 
fection must:have taken place during the last week of April. As show 
in Figure’ 4, both temperature and humidity were favorable during this 
period, and dew was. present nearly every morning. Following this initial 
infection, the temperatures were not so favorable during the first week 
of May. On May 7 the first rust was observed and from that time supplied 
inoculum for spread of the disease. Following this initial ‘appearance of 
the disease, environmental conditions were exceptionally favorable 
throughout the remainder of the growing season for development and spread 
of rust. 


Wind Movement: Because of the importance of wind movement and 
direction in the spread of rust to other wheat-growing areas, no report 
of meteorological conditions would be complete without reference to wind 
movement. The total wind movement for each daily 24-hour period from 
April 1 to June 40 is given in Table 2. 


Wind movement during April, May, and June was nearly normal; there 
were no great extremes, although. there were several days whe n it was 
strong enough to carry rust spores long distances. 


Previous to the initial general infection at Denton, Texas, fairly 
strong winds from the south occurred on April 5, 9, 19, and 24. Later 

in the season there were a number of days when the wind could easily 

have carried spores to states to the north of Texas and thus contribute 
to the nationel epidemic. 


: Crop-Growth Factors Favoring Stem Rust Infection 


The late maturity of .ie wheat crop in north Texas was one of the 
most important factors in the severity of the disease in the State and 
provided inoculum over a long period for spread to states to the north. 
In Table 4 dates of heading, date of ripening, and length of fruiting 
period are given for the years 1934 to 1935, inclusive, for the varieties 
of wheat grown in the field-plat variety tests at Denton. 


Lateness of Heading: Date of first heading in 1935 was from.2 to 
15 days later than in the spring of 1934, a fairly normal season. This 
late heading in 1935 resulted from a combination of several factors. 
Stands were thin as a result of winterkilling. The meteorological 
factors previously discussed, namely, excessive precipitation; cool, 
cloudy weather; and high humidity, combined with the thin stands, caused 
continued vegetative growth. The retarding effect of these factors was 
very evident in the manner in which the grain headed. Although wheat 
varieties normally reach full head in 3 to 5 days after first heads 
appear, in 1935 the plants were mt fully headed until 8 to 13 days after 
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the first heads emerged. The average date of first heading was about 
May 10, whereas the mean date of full heading was May 22, or lé days 
later. 


Delayed Maturity: As previously discussed, the excessive pre- 
civitation,' high humidity, and cool temperatures continued throughout 
May anc most of June. These conditions, together with thin stands, de- 
layed the maturity of the grain. As show in Table 4, the date of ripen- 
ing in 1935 is in-most instances 10 to 15 days later than in 1944. The 
wheat crop really did not mature even at this late date, but in most in- 
stances ripened because of rust damage. Harvest of small grains in the 
Denton area usually begins in late May and is nearly complete by June 


10. In 1945 harvest of the experimental plots was not possible until 
June. 


The above ecological conditioms, which retarded the heading and 
ripening of the grain, were also favorable for the development of a sten- 
rust epidemic. The early infection and subsequent long period of develop- 
ment resultec in severe Cacage to the grain. The long reriod of develop- 
nent for rust .as elso a very important factor in the spread of rust to 
states to the north. 


Effect Of The 1935 &.em-Rust Epidemic On Wheat Yields 


In Table 1 the date of first appearance of rust, the mean infection, 
and the range of infection at the end of the season for the years 1941 to 
1955 are given. In years prior to 1935, stem rust was mt a major factor 
in reducing yields excepting those of certain very susceptible varieties. 
Often stem rust does not reach its maximum until the crop is almost ma- 
ture and in such years the infection may be fairly high, but the damage 
to the grain is relatively small. In 1935, however, the amount of 
initial inoculum apparently was great, and, as conditions were very 
favorable for spread from the time the first rust appeared, varieties 
were soon highly infected. Furthermore, the late maturity of the crop 
enabled the rust to develop and spread, while the host plants were in 

a very susceptible condition, resulting in severe damage to the host 
plants. Estimates of stem rust were made on tw dates in 1935. The 
first reading was mede on May 29 about a week after wheat had reached 
full head. The second reading was made near maturity. Agronomic data 


on rust infection, winter survival, yield of grain, and test weight of 
grain are given in Table 4. 


Yield and plumpness of grain as indicated by test weight were 
Closely associated in 1945 with early maturity and susceptibility to 
stem rust. Extremely susceptible varieties, such as Fulcaster, Harvest 
fueen, Sutton, and the Mediterranean strains, were highly infected with 
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stem rust by May 2y, or by the time they reached full head. The result- 
ing yield was very low and test weight extremely low. Another factor 
that contributed to the low yield and late maturity of these strains was 
the lower survival. The thin stands not only retarded the development 
of the wheat vlants, but also contributed to the low yield. The tw 
early varieties, Early Blackhull and Quivira, were able to produce a 
fair yield of grain because of their ability to mature ahead of the 
severe rust epidemic. Kanred wheat showed some resistance to stem rust, 
at least in the early stages of the epidemic. Turkey Selection C.I. 
10016 produced a low yield in spite of rather light stem rust infection 
and high winter survival. This was no doubt due to its extreme 
susceptibility to leaf rust. 


Conclusion 


In conclusion, it should be stated that no one factor of weather 
or condition of the crop was responsible for the severe rust epidemic. 
All the factors studied contributed their respective parts and, because 
of the manner in which they were associated resulted in one of the most 
severe rust epidemics in history. These factors also played their parts 
in the spread of the disease to other wheat-growing areas. Had the 

acreage of wheat in north central Texas not been reduced by winter-killing, 
the loss would have been even more serious. 


Under the existing conditions, which included thin stands; late 
maturity of the crop as a result of thin stands, excessive precipita- 
tion, and high humidity; favorable temreratures and humidity for rust 
development; frequent dews; cloudy weather; and favorable winds to 

carry the rust spores to other localities and states; the rust epidemic 
in Texas served as a source of inoculum for an extremely long period of 
time and thus contributed to the epidenic in other states. 
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